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Abstract	  
The development of red and near-IR fluorescent dyes is of great interest in chemical biology. 
Recent studies into oxazine derivative dyes have shown promising shifts in excitation and 
emission properties. For this MQP, the synthesis and spectral properties of two oxazine 
derivatives: 4-Ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; 
chloride (7) and 8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-
diaza-4-azonia-pentacene; chloride (8, 9) were studied. Complete characterization of compounds 
7 and 8 could not be completed due to destabilization during the purification process. The 
electronic excitation and emission properties of compound 9 were examined in incremental pH 
solutions ranging from 1 to 11. In methanol maximum excitation of compound 9 was observed at 
648.0 nm while maximum emission occurred at 674.26 nm. Consistency in the excitation and 
emission spectra show that compound 9 has strong pH stability.  
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Introduction	  
Fluorescence 
Fluorescence Microscopy is a powerful tool for studying the various dynamic processes 
and internal structures within a cell through the use of fluorescent compounds to label ions, 
antibodies, proteins and internal structure. The structures are made visible through fluorescence, 
the emission of visible light by a substance that has absorbed light of a different wavelength.  
This process is illustrated in Figure 1 with a Jablonski diagram, named after Professor Alexander 
Jablonski who is known as the father of fluorescence1. Fluorescence is a radiative decay 
transition process between energy states with identical spin multiplicity. This process begins 
with the absorption of a photon of suitable energy by a molecule in its singlet ground state (S0)2. 
This energy causes an electron to move to a higher vibrational orbital which quickly relaxes to 
the first singlet excited state (S1). The lifetime (τ) of the excited state is a very significant 
constraint for time based fluorescence studies2 and establishes the amount of time in which the 
fluorophore can react with its environment1. After the electron drops down to the lowest 
vibrational state of S1, it can relax to the ground state S0 by emitting a photon or by exchanging 
energy in a collision through a nonradiative transition from the excited state to a rotational-
vibrational energy level in the ground state3. The fluorescence of the molecule is the result of the 
emitted photon.  The number of emitted photons compared to the number of absorbed photons is 
known as the quantum yield (Ф) of the molecule33. The closer this ratio is to 1 the greater the 
brighter the fluorescence of the fluorophore.   
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Emission spectra are typically mirror images of the excitation spectra which show the S0 
to S1 transition since electronic excitation does not significantly change a molecules nuclear 
geometry.  Therefore the distance between individual vibrational states of the excitation energy 
levels is similar to those of the ground state1. The maximum absorption/excitation wavelength of 
a molecule typically occurs shorter (higher in energy) than the maximum emission wavelength of 
the molecule3. The absorption maximum is related to the molar absorption coefficient (ε) which 
is the proportionality factor defined in the Beer-Lambert Law3. This difference was first noticed 
by Sir G. G. Stokes in 1852 at the University of Cambridge and is known as the Stokes shift. The 
Stokes shift is commonly caused by the rapid decay of the electron to the lowest vibrational level 
of S11. Other factors that contribute to Stokes shift include: complex formations, energy transfer, 
excited-state reactions, solvent effects and radiative decay to higher vibrational levels of the 
ground state S01.  
When electrons relax through nonradiative transitions such as a collision between the 
excited state of the fluorophore and a molecule in solution, a decrease in the intensity of the 
fluorophore can occur1. This decrease in the molecules intensity is known commonly as 
quenching. A wide assortment molecules including: amines, halogens, oxygen and electron-
deficient molecules can act as quenchers to fluorophores1. Quenching can also result from energy 
transfer in a molecule that possesses a small Stokes shift2. Molecules that experience quenching 
in this manner are said to be self-quenching. Additional methods in which quenching can occur 
are static quenching, the formation of a nonfluorescent complex between a fluorophore and 
quencher, and non-molecular mechanisms1. Another way in which the fluorescence of a 
molecule can be altered is through photobleaching. This term refers to the photochemical 
destruction of the fluorophore through exposure to high excitation intensities or prolonged 
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illumination from an acceptor4. While the rate of photobleaching varies for different 
fluorophores, the average rate at which a fluorophore will become photobleached is dependent 
upon the molecular structure and surrounding environment56.  As a result some fluorophores 
become bleached rapidly after only a few excitation and emission cycles while other 
fluorophores require numerous cycles to become bleached.   
Molecules can be excited from a variety of sources including lasers and natural light; 
however, depending upon the source, molecules other than the target fluorophore may become 
fluorescent. This event, known as autofluorescence, is problematic in fluorescence microscopy 
since increases the background signal or noise from which the fluorophore is being detected7. If 
the fluorescence from the target fluorophore is weak, autofluorescence will cause the signal to 
noise ratio to increase. This may make detection difficult since the shapes of other structures in 
the molecule will be visible. In biological systems autofluorescence occurs when molecules in a 
cell become excited by a suitable wavelength of ultra-violet/visible light8. Autofluorescence in 
cells occurs as the result of various endogenous fluorophores9 discussed in later sections. Since 
cells and tissues are constantly changing, the concentration, amount and distribution of 
endogenous fluorophores changes.  
While the constantly changing internal environment of a cell can provide a plethora of 
targets and processes for study, it can also limit the effectiveness of a fluorophore because if the 
molecule’s individual chemical and photophysical properties2. Comparisons between both the 
chemical and photophysical properties of multiple fluorophores thus provide the most accurate 
way to make significant assessments about the efficiency and utility of the molecules. The 
important chemical properties include: reactivity, pKa, and stability2 while the most useful 
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photophysical properties include: maximum absorption and emission, lifetime (τ), quantum yield 
(Ф) and molar absorption coefficient (ε)8.    
Fluorophores	  
Small fluorescent molecules or probes are a vital tool employed in many aspects of 
chemical biology including: assaying intracellular activity, biomolecular labels, cellular stains, 
and environmental indicators2. Fluorophores can be separated into two main classes – 
endogenous and exogenous8. Endogenous fluorophores occur naturally and originate inside the 
cell, while exogenous fluorophores originate outside the cell and are added to provide 
fluorescence when none is present. Probes can be linked to antibodies, hormones, ions, 
macromolecules, or organelles. There currently exist a multitude of fluorescent probes available 
commercially through companies, such as Invitrogen, Omega Optical and GE Healthcare, and 
through original design and synthesis. A handful of these dyes are displayed in Figure 2 in 
relation to their maximum absorption values. The fluorescent probes are made possible through 
the addition of different reactive groups, chelating components and substrate moieties to a small 
variety of core fluorophores2.  
Endogenous	  Fluorophores	  
Endogenous fluorescence is the result of a variety of compounds within a cell as seen in 
Figure 3. The aromatic amino acids: phenylalanine (phe), tryptophan (trp) and tyrosine (tyr) are 
common sources for this fluorescence8; however, tryptophan, which exhibits excitation and 
emission maxima at 278 and 354 nm respectively10, is the dominating fluorescent amino acid. 
Fluorescence emitted from phenylalanine at 279.0 nm and tyrosine 303.0 nm10 is frequently over 
powered and quenched by that of tryptophan. As a result the fluorescence from phenylalanine is 
only seen when a sample protein lacks both of the other aromatic amino acid residues8. The 
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major source of UV excitation and emission of tryptophan residues is from indole groups. 
Serotonin, an indoleamine derivative, possesses similar spectral characteristics as tryptophan9.  
Other endogenous fluorophores that emit in the blue region of the visible spectrum 
include: the reduced form nicotinamide adenine dinucleotide (NADH), and dinucleotide 
phosphate (NADPH)9. Fluorescence lifetimes of these molecules are partially dependent upon 
protein binding and can range from 0.5 ns to as long as 5 ns8. The intensity of fluorescence is 
also variable depending upon protein binding.  Pyridoxyl phosphate, a fluorescent cofactor, has 
spectral characteristics that are dependent on its chemical structure in the protein where it is 
frequently coupled to lysine residues8. Riboflavin, Flavin mononucleotide (FMN) and Flavin 
Adenine Dinucleotide (FAD) are excited by wavelengths of approximately 450 nm and emit 
around 525 nm8 towards the green region of the spectrum. These fluorophores possess 
fluorescence lifetimes ranging from 2 – 5 ns8.  Connective tissues such as collagen and elastin 
also produce autofluorescence in cells9. These compounds emit in the blue, green and yellow 
spectral regions of the visible spectrum7. Other fluorophores located in intact tissues include: 
skeletal proteins keratin, melanin2, lipo-pigments and polyphyrins. Due to the wide variety of 
endogenous fluorophores, inherent cellular autofluorescence can considerably obstruct the 
detection of exogenous fluorophores in cells7. Since the majority of these molecules emit in the 
UV to blue region of the spectrum and still others emit in the green to yellow region, the use of 
fluorophores that absorb and emit in the far red to near-IR region of the spectrum is highly 
desired for in vivo studies. These fluorophores would be less susceptible to optical interference 
from the endogenous fluorophores thereby allowing for easier in vivo detection of the target 
molecule.  
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Exogenous	  Fluorophores	  
There currently exists a multitude of exogenous fluorophore classes. These classes 
include but are not limited to quantum dots, fluorescent proteins, fluoresceins, rhodamines, 
cyanines, Alexa Fluors, and oxazines. Fluorophores from these different classes span the 
UV/Visible/near-IR range of the spectrum. 
Quantum dots, a newer class of fluorophore, are small inorganic semiconductors, 
approximately 30 nm, that have optical properties, excitation energies and lifetimes that vary 
drastically as a result of small changes in size6,	  11.  These compounds, which incorporate metal 
cations such as cadmium, mercury and zinc, generally form face-centered cubic or hexagonal 
crystalline structures. The metal cations are frequently combined with anionic oxygen, selenium, 
sulfur, or tellurium6. These molecules possess a high-surface-to-volume ratio which directly 
influences the surface state, electric state, and near the band gap of the dots causing noticeable 
effects on the optical properties11. As the size of a quantum dot increases it contains more energy 
levels which are spaced closer together. This reduced distance between the energy levels permits 
the dots to absorb photons containing less energy11. A result of this property, seen in Figure 7, is 
that smaller quantum dots emit light in the blue region of the visible spectrum while larger dots 
emit in the red region. The close proximity of energy levels in larger quantum dots can also trap 
charge carries and electron hole pairs. This causes an increase in the lifetime of fluorescence 
since charge carries and electron hole pairs survive longer6. 
Quantum dots have many optical advantages over other commonly used fluorophores 
including less photobleaching, increased photostability and higher excitation efficiencies12. 
Compared to fluorescent proteins and organic dyes, Quantum dot conjugates tend to be 
approximately two orders of magnitude more efficient at absorbing excitation light6,	  11. Other 
	  14	  
	  
advantages include the ability to adjust the absorbance and emissions through size alterations12, 
efficient excitation from a single blue (ultraviolet) source and narrow emission bands11. As a 
result of these advantages several sizes of quantum dots can also be used simultaneously in 
multicolor detection experiments without interfering with each other. Quantum dots have been 
used in a variety of experiments with biological systems for labeling proteins and cellular 
structures and as anti-body labeled probes12.  
A newer class of fluorophores is fluorescent proteins.  Green Fluorescent Protein (GFP) 
was originally isolated from the bioluminescent jellyfish Aequorea victoria13.  GFP is the result 
of an autocatalytic reaction that produces its own fluorophore. This fluorophore is protected from 
the surrounding environment by the protein structure which is comprised of an 11-stranded β-
barrel with strands containing 9-13 residues14. This structure is shown in Figure 4. This β-barrel 
is wrapped around a single central helix and is 42 Å long with a 24 Å diameter15. Excitation of 
GFP exhibits a maximum absorption peak at 395 nm and a maximum emission peat at 508 nm14. 
GFPs typically possess good photostability and high quantum yields8. Since the discovery of 
GFP it has been determined that comparable naturally fluorescent proteins (FPs) exist in a 
variety of Anthrosoa species8. These fluorescent proteins are commonly referred to as yellow 
fluorescent proteins (YFPs) and red fluorescent proteins (RFPs); however, GFPs have also been 
isolated from coral8.  Alterations in the chromophore of FPs are naturally caused by 
modifications in the amino acids of the peptide. The chromophores in all of these types of FPs 
appear to be derivatives of external cofactors such as lumazines and flavins1516. As seen in Figure 
8 these proteins have emission peaks ranging from 488 nm to 600 nm.   
Since FPs are formed autocatalytically, any organism possessing the gene or mRNA can 
express the fluorescent protein8. This allows the protein to be used in a wide assortment of 
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biological applications. GFP is primarily used as a biosensor to monitor protein-protein 
interactions, track and quantify protein species, and study biological events and signals; 
however, these proteins possess multiple limitations.  GFP from Aequorea Victoria tends to self-
associate to produce weakly bound dimers while FPs isolated from corals tend produce strongly 
bound tetramers8. The fluorescence of RFPs can mature slowly, over a period of up to 30 hours8.  
Another limitation to FPs is the large structure which can inter fear with the structure of a target 
protein16. Depending upon how the two molecules interact, mislocalization and misexpression 
can occur in the target protein16. Some of the limitations of FPs including the self-association and 
fluorescence maturation can be resolved by slightly mutating the FPs sequence.  
Cyanine dyes have a net positive charge and are characterized by a resonance structure 
consisting of a polymethine chain in between terminal nitrogens8. These dyes are advantageous 
for multicolor probes since modifications to the heterocyclic nucleus and number of double 
bonds in the polymethine chain changes the spectral properties of the compounds1717. The 
general cyanine structure is given in Error!	  Reference	  source	  not	  found. along with the structure of 
a few common cyanines and their corresponding excitation and emission wavelengths. Dyes in 
this class generally possess small Stokes shifts of approximately 30 nm8. The “CyDye” series of 
cyanines are given the common name CyX where X is the number of carbons between the 
dihydroindole units located at the ends of the chain2. As the length of the polymethine chain in 
these dyes increase, the excitation and emission maxima become further red shifted. The 
maximum excitation and emission wavelengths of Cy3 are 554 nm and 568 nm respectively 
while Cy5 exhibits red shifted wavelengths at 652 nm and 672nm respectively2. Cy7 posses even 
longer excitation and emission maxima at 755 nm and 788 nm2. Further study into alterations to 
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the core cyanine structure have shown that dyes with a fused benzo ring on the dihydroindole 
structure posses a bathochromic shift of approximately 30nm17.   
 Cyanine dyes have poor water solubility; however, the addition of negatively charged 
sulfonates and/or other charged side chains to the ring systems improves their solubility8. 
Another benefit of this type of addition is the reduction in dye-dye interactions which can occur 
on the surface of antibodies and quench the dyes fluorescence18. Studies have shown that 
multiple sulfonate groups must be added to the benzindoles structures to reduce the dye-dye 
interactions18. Cyanines have lifetimes of approximately 1 ns and large extinction coefficients17.  
Cyanines are detected in a region of the spectrum where autofluorescence from biomolecules is 
at a minimum. These dyes are relatively insensitive towards solvent polarity and their 
environment18. Cyanines lose excitation energy through rotational and translational vibration 
pathways and by adopting stereoisomeric conformations. They have been used as labels in 
microarrays, DNA and RNA stains, and membrane potential sensors8; however, the fluorescence 
of cyanine bioconjugates are severely dependent upon the number of fluorophores per 
biomolecule2. This loss of fluorescence limits the usefulness of the cyanine dyes. 
Another class of dyes similar to rhodamines, coumarins, xanthenes and cyanines are 
Alexa Fluors19. Alexa Fluors are formed through the sulfonation of the previously mentioned dye 
classes and are produced by Molecular Probes, a subsidiary of Invitrogen. Chemical structures of 
these dyes are unavailable. These dyes are recognized by the registered trademark Alexa Fluor 
which is follow by the molecules followed by individual molecules maximum excitation 
wavelength nm19. As shown in Table 1 obtained from Invitrogen, Alexa Fluors possess 
maximum excitation and emission wavelengths that span the visible and infrared spectrum19. 
Alexa Fluor dyes what have maximum absorbance wavelengths above 480 nm tend to have 
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molar extinction coefficients similar to fluoresceins and rhodamines20. A common characteristic 
of all Alexa Fluors is pH stability over a wide range20. These dyes also exhibit a wide range of 
Stokes shifts. Sulfonation of coumarin and rhodamine based Alexa Fluors adds a negative charge 
to the molecules causing them to become more hydrophilic20.  The negative net charges of the 
dyes lessen the interaction between molecules that severely obstruct the fluorescence yields of 
coumarin and rhodamine conjugates20, 21 and may cause nonspecific electrostatic interactions 
with positively charged cell structures. Alexa Fluors with similar properties to Cyanine dyes 
have a higher resistance to fluorescence quenching20. Even in high concentrations, Alexa Fluors 
experience less self-quenching and maintain an intense amount of fluorescence, even with 
heavily labeled conjugates18. Alexa Fluor conjugates tend to have a larger resistance to 
photobleaching and precipitation, along with an increased brightness than dyes with comparable 
spectral properties19. Table 2 lists some Alexa Fluor alternative to commonly used 
fluorophores19, 20 
Oxazines make up an important class of fluorophores known as the oxazinium family 
which have emission values in the in the red to near-IR region of the light spectrum22. The 
structures of a variety of oxazinium dyes are given in Figure 6 along with their corresponding 
absorption and emission maxima. A standard dye for this class is Oxazine 118, a well known 
fluorescent dye, which experiences maximum absorbance at 589 nm and maximum emission at 
598 nm23. Resorufin and Oxazine 1 are two other basic oxazine dyes. The anion of resorufin has 
exhibits maximum absorbance and emission at 572 and 585 nm24. Oxazine 1 is further red shifted 
and possesses absorption and emission maxima at 643 and 658 nm respectively8. One 
characteristic of this dye class is the amazingly long absorption and emission maxima for the 
small molecular size8. Other key properties of oxazines are their sensitivity to the surrounding 
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environment8  and alleged strong resistance to photodegradation 24.Oxazinium dyes have been 
employed in many biological applications as detection markers for molecules including: amyloid 
plaques23, DNA8and neutral lipids located in skeletal muscle22. 
Oxazinium	  Derivative	  Fluorophores 
Research into extending the conjugated system of oxazine dyes has produced molecules 
with long absorption and emission wavelengths. Examples of these dyes include Crestyl Violet, 
Nile Blue and Nile Red which are benzoanalogs of Oxazine 11824. These dyes experience 
maximum absorption at 603.0, 627.0, and 523.0 nm respectively with corresponding emission 
maxima at 622.0, 652.0 and 580.0 nm. This type of oxazine derivative dye possesses good 
photostability, large quantum yields, and undergoes minimum conformational changes due to the 
rigid ring structures24. These molecules also have small Stoke’s shifts between their absorption 
and emission maxima. Addition of the conjugated benzo group to the basic oxazine structure 
produces a red shift of approximately 25 nm in the absorption and emission spectra as a result of 
increased π-conjugation24. Further control over the absorption and emission spectra of the 
molecule can be achieved by attaching amino auxochromes to the rings24.  These functional 
groups can also aid in the addition of bioconjugation functional groups to fluorophore. Crestyl 
Violet, Nile Blue and Nile Red have been used for a variety of purposes including: protein 
conformation reporters2 and detectors of lipids in muscle tissue22.   
A relatively recent paper by M. Hintersteiner et al (2005) discussed the synthesis of four 
novel oxazine dyes, similar to the compounds synthesized in this report, which were all deep red 
shifted. By incorporating and altering the heteroatom contained in first position of the terminal 
ring of the compounds, oxazine derivatives that contained deep red shifted emission maxima 
were created. While the use of sulfur as the heteroatom produced an emission maxima at 695 nm, 
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23. By using oxygen as the heteroatom, compounds were synthesized that possessed emission 
maxima around 670 nm and a quantum yield of 41%23. While the compounds containing sulfur 
exhibited a more desirable shift in absorption and emission, the molecule possessed a small 
quantum yield of 13%23. Addition of the oxygen heteroatom, on the other hand, produced a 
molecule with a more favorable quantum yield of 41%23. 
It is the goal of this project to synthesize two novel oxazine derivative dyes: 4-Ethyl-
3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride (compound 7) and 
8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-
pentacene; chloride (compound 8 & 9) and study the differences in the absorption and emission 
spectra and pH stability of the synthesized dyes. From this data the affects of the addition of 
ethyl butyrate to the secondary amine in compound 7 will be determined. This functional group 
was chosen to act as a linker to simplify the future addition of the dye to Halo TagTM ligand and 
other bioconjugates where it will be used as an in vivo protein detector.   
Materials	  and	  Methods	  	  
In order to synthesize the two target oxazine derivative fluorophores, a multistep 
synthesis was conducted. The procedures for these reactions are given in the following section 
and shown in Figure 9. All of the microwave reactions were completed in a CEM Discover 
microwave. The compounds purified by HPLCs were run on a Whatman C8 RAC Column # 7U 
1247. All 1H and 13C NMR spectra were recorded on an Oxford 400MHz instrument while all 
mass spectra were taken using a Finnigan MAT LCQ.   
	  20	  
	  
Chemical	  Synthesis	  
2,5-Dimethoxyaniline (1). Compound 1 was obtained from Acros Organics. Code: 150850500. 
Lot: A0229942. CAS: 102-56-7. EC: 203-040-9. Calc for (C8H11NO2): 153.18. 
2-Chloro-N-(2,5-dimethoxy-phenyl)-acetamide (2). Compound 1 (5.02 g, 32.77 mmol) was 
suspended in water (150 mL) with Tetra-n-butylammonium bromide (TBAB) and sodium 
carbonate.  Chloroacetylchloride was added dropwise to the mixture. The crude product was 
extracted in dichloromethane (200 mL). The organic layer was washed three times with brine (3 
X 75 mL) and dried over sodium sulfate. The product was recrystalized in ethanol to remove the 
remaining chloroacetylchloride.   
2-Chloro-N-(2,5-dihydroxy-phenyl)-acetamide (3). Compound 2 (3.00 g, 13.06 mmol) was 
dissolved in anhydrous dichloromethane and cooled to 0°C. Boron tribromide (1M solution in 
dichloromethane, 20.0 mL, 20.0 mmol, 99.9% conc. BBr3, 5.0 g, 19.96 mmol) was added 
dropwise. The reaction mixture was left in the fridge at 4°C overnight. The excess boron 
tribromide was destroyed by the addition of water and the pH of the solution was adjusted to 7.0 
with saturated sodium bicarbonate to destroy any remaining bromine salt.  The crude product 
was extracted in ethyl acetate. The organic layer was washed with brine three times (3 X 100 
mL) and dried over sodium sulfate.  
6-Hdroxy-4H-benzo[1,4]oxazin-3-one (4). Compound 3 (2.1031 g, 10.43 mmol) was dissolved 
in THF and cooled to 0°C followed by the careful addition of sodium hydride (95%) (1.05 g, 
41.56 mmol).  The reaction mixture was warmed to room temperature and left overnight. The 
excess sodium hydride was quenched with ice and the solution was acidified with the addition of 
	  21	  
	  
1M HCl. The product was extracted in ethyl acetate three times (3 X 100 mL). The organic layer 
was washed with brine three times (3 X 50 mL) and dried over sodium sulfate.  
3,4-dihydro-2H-benzol[1,4]oxazin-6-ol (5). Compound 4 (1.60 g, 9.63 mmol) was dissolved in 
THF and cooled to 0°C. 1M BH3-THF (144.4 mL, 144.4 mmol) was added slowly over a period 
of 2 hours. After the addition, the reaction mixture was warmed to room temperature and left 
overnight. The excess borane was destroyed by the slow addition of methanol. The solvent was 
removed and the crude product was extracted in ethyl acetate. The organic layer was washed 
with brine three times (3 X 75 mL) and dried over sodium sulfate.  
4-(6-Hydroxy-2,3-dihydro-benzo[1,4]oxazin-4-yl)-butyric acid ethyl ester (6). Compound 5 
(0.4937 g, 3.27 mmol) was dissolved in DMF with potassium carbonate (3.31 mmol) and 
followed by the addition of ethyl bromobutyrate (3.90 mmol). The reaction mixture was heated 
at 60°C overnight. The crude reaction mixture was poured into water (50 mL). The aqueous layer 
was neutralized with 1M HCl and extracted in ethyl acetate three times (3 X 30mL). The organic 
layer was washed with brine three times (3 X 30mL), dried over sodium sulfate and evaporated. 
The crude oily compound was purified by 10%-25% ethyl acetate-hexanes on a silica gel 
column.  
4-Ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride (7). 
Compound 5 (0.009 g, 59.5 µmol), 4-ethyl-7-(4-nitro-phenylazo)-3,4-dihydro-2H-
benzo[1,4]oxazin-6-ol (0.018 g, 59.9 µmol) were dissolved in a microwave vial with ethanol (0.6 
mL), water (0.06 mL) and concentrated hydrochloric acid (37%, 0.03 mL), producing a dark 
red/brown solution. The vial was placed in the microwave at 150 W and 100°C for 10 minutes 
producing a dark blue solution. The salt was removed from the solution with a C18 sep pack and 
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the solvent was removed. The crude compound was purified by 0%-20% methanol-chloroform 
on a silica gel column. The product was further purified by HPLC in 65%-95% methanol-50 
mmol NH4OAc buffer. The buffer salt was removed with a C18 sep pack.  
8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-
azonia-pentacene; chloride (8). Compound 6 (0.0159 g, 60.0 µmol), 4-ethyl-7-(4-nitro-
phenylazo)-3,4-dihydro-2H-benzo[1,4]oxazin-6-ol (0.0197 g, 60.0 µmol) were dissolved in a 
microwave vial with ethanol (0.6 mL), water (0.06 mL) and concentrated hydrochloric acid 
(37%, 0.03 mL), producing a dark red solution. The vial was placed in the microwave at 150 W 
and 80°C for 30 minutes producing a dark blue solution. The salt was removed from the solution 
with a C18 sep pack and the solvent was removed. The crude compound was purified by 0%-10% 
methanol-chloroform on a silica gel column. The product was further purified by HPLC in 75%-
85% methanol- 50 mmol NH4OAc buffer. The buffer salt was removed with a 18C sep pack.  
8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-
azonia-pentacene; chloride (9). Compound 6 (0.0178 g, 67.1 µmol), 4-ethyl-7-(4-nitro-
phenylazo)-3,4-dihydro-2H-benzo[1,4]oxazin-6-ol (0.0190 g, 57.9 µmol) were dissolved in a 
glass vial with ethanol (0.6 mL), water (0.06 mL) and concentrated hydrochloric acid (37%, 0.03 
mL), producing a dark red solution. The reaction mixture was heated at 80°C for 2 hours. The 
crude compound was purified by 0%-10% methanol-dichloromethane on a silica gel column.  
Spectroscopy	  
After synthesizing the two fluorophores the absorbance and emission properties of the 
compounds were studied. The absorbance spectra were measured on a Varian Cary 50 Bio UV-
Visible Spectrometer while the fluorescence spectra were recorded with a Jobin Yvon Horiba 
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Spectrometer. To test the stability of the compounds over a range of pH, aqueous samples 
ranging from pH 1-11 were prepared. The pH of the filtered water was lowered by the addition 
of 1M HCl and raised with the addition of 1M NaOH. The pH of each sample was measured 
with pHydrion Vivid 1-11 paper.  
Results	  
Each reaction was monitored by TLC until the reaction had gone to completion and NMRs of 
each product were taken to confirm the correct structure.  
Chemical	  Synthesis	  
2-Chloro-N-(2,5-dimethoxy-phenyl)-acetamide (2).  Once the reaction mixture ceased to 
bubble upon further addition of chloroacetylchloride, the reaction mixture was examined by Thin 
Layer Chromatography (TLC). Examination of the reaction mixture and organic extraction layer 
indicated that all of compound 1 had been consumed during the course of the reaction. The Mass 
spectrum (MS) analysis of the product possessed a [M+H]+ peak at 230.1 which is consistent 
with the calculated mass of 229.66 for the compound (C10H12ClNO3).  A 1HNMR (not given) of 
the product showed excess chloroacetylchloride remained with the product. Upon completion of 
the recrystalization, 1H and 13C NMRs of the compound, Figure 12 and Figure 13, indicated no 
further impurities remained in the product. The 1H NMN, taken in CDCl3, contained peaks with 
the following splitting, equivalent protons and J values: 8.95 ppm (s, 1H), 8.06 ppm (d, 1H, 
J=3.03 Hz), 6.82 ppm (d, 1H, J=8.93 Hz), 6.62 ppm (dd, 1H, J =3.03 Hz, 8.91 Hz), 4.19 ppm (s, 
2H), 3.87 ppm (s, 3H), 3.79 ppm (s, 3H). The 13CNMR of compound 2 was taken in CDCl3 and 
contained the following carbon peaks: 163.9 ppm, 154.0 ppm, 142.8 ppm, 127.5 ppm, 111.1 
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ppm, 109.6 ppm, 106.2 ppm, 56.6 ppm, 56.0 ppm, 43.3 ppm.  The synthesis of compound 2 
produced 6.3823 g of brown product for a total yield of 85%.  
2-Chloro-N-(2,5-dihydroxy-phenyl)-acetamide (3). The next day the reaction mixture was 
examined by TLC which indicated that all of compound 2 had been consumed; however, the 
product spot appeared as a long stretch due to the boron tribromide. A TLC taken after the salt 
was destroyed and the product was extracted showed that no starting materials remained in the 
solution. MS analysis showed a [M+H]+ peak at 202.5 which corresponds to the calculated mass 
of 201.61 for the formula (C8H8ClNO3).  Analysis of the 1H and 13C NMRs of the product, 
Figure 14 and Figure 15, indicated no further impurities remained in the compound. The 1H 
NMR was taken in CD3OD and contained the following proton peaks: 7.51 ppm (d, 1H, J=2.84 
Hz), 6.69 ppm (d, 1H, J=8.66 Hz), 6.45 ppm (dd, 1H, J=2.90 Hz, 8.67 Hz), 4.26 ppm (s, 2H). 
The 13CNMR produced the following carbon peaks: 165.6 ppm, 150.0 ppm, 140.4 ppm, 126.0 
ppm, 115.4 ppm, 111.4 ppm, 108.2 ppm, 42.7 ppm. This reaction produced 2.3604 g of product 
for a total yield of 90%.  
6-Hdroxy-4H-benzo[1,4]oxazin-3-one (4). The following day the reaction mixture was 
examined by TLC which indicated that the reaction had run to completion and consumed all of 
compound 3. After the extraction was completed, MS analysis indicated a [M+H]+ peak at 166.2 
which corresponds to the calculated mass of 165.15 for the formula (C8H7NO3). Analysis of the 
1H and 13C NMRs of the product, Figure 16 and Figure 17, showed no remaining impurities. The 
1H NMR, taken in CD3OD, contained the following proton peaks: 6.75 ppm (dt, 1H, J=1.15 Hz, 
8.56 Hz), 6.38 ppm (s, 1H), 6.37 ppm (dd, 1H, J=2.74 Hz, 8.53 Hz), 4.45 ppm (s, 2H), 1.989 
ppm (s, 1H, J=8.85). Inspection of the 13CNMR produced the following carbon peaks: 167.1 
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ppm, 152.9 ppm, 137.1 ppm, 127.6 ppm, 116.6 ppm, 109.7 ppm, 102.9 ppm, 67.1 ppm. This 
reaction produced 1.7075 g of product for a 99% yield. 
3,4-dihydro-2H-benzol[1,4]oxazin-6-ol (5). The next day the reaction mixture was examined by 
TLC which showed that all of compound 4 had been consumed during the reaction. The TLC 
also indicated the formation of two compounds which traveled close together on the plate. A 
TLC taken after the reaction was quenched showed the presence of only one product. This loss 
of the second spot indicated the formation of a complex between the product and THF which was 
destroyed upon quenching. MS analysis showed a [M+H]+ peak at 152.1 which corresponds to 
the calculated mass of 151.16 for the formula (C8H9NO2). Analysis of the 1H and 13C NMRs of 
the product, Figure 18 and Figure 19, showed minor impurities from THF remained. These 
impurities were removed by leaving the product under a high vacuum overnight before using the 
product in the following reaction (1H and 13C NMRs were not retaken). The 1H NMR displayed 
the following peaks for the product: 6.62 ppm (m, 1H), 6.10 ppm (m, 2H), 4.18 ppm (t, 2H, 
J=4.38 Hz), 3.40 ppm (t, 2H, J =3.96 Hz), 1.50 ppm (s, 1H) while the 13CNMR displayed the 
following carbon peaks: 150.3 ppm, 138.4 ppm , 134.4 ppm, 117.3 ppm, 105.3 ppm, 102.5 ppm, 
65.2 ppm, 41.3 ppm. This reaction produced 1.1691 g of product for a total yield of 80%. 
4-(6-Hydroxy-2,3-dihydro-benzo[1,4]oxazin-4-yl)-butyric acid ethyl ester (6). Examination 
of the reaction mixture by TLC indicated that 4 compounds were present in the solution. After 
the products had been separated from the silica column, the fractions were analyzed by TLC to 
check for purity. Fractions containing the same pure product were combined.  Since the hydroxyl 
and secondary amine in compound 5 possess similar strength as nucleophiles, the ethyl butyrate 
was able to bind readily at both locations on compound 5. As a result the other compounds 
formed were the N-substituted (4-(6-Hydroxy-2,3-dihydro-benzo[1,4]oxazin-4-yl)-butyric acid 
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ethyl ester (compound 6)), O-substituted (ethyl 4-((3,4-dihydro-2H-benzo[b][1,4]oxazin-6-
yl)oxy)butanoate) and bis-substituted compounds (ethyl  4-(6-(4-ethoxy-4oxobutoxy)-2H-
benzo[b][1,4]oxazin-4(3H)-yl)butanoate).  
Once these compounds had been isolated off of the silica column, 1H NMRs were taken 
to determine which fraction was the desired compound 6. The bis-substituted compound was 
easy to recognize by 1H NMR analysis as the first molecule to elute from the column since it 
contained two ethyl butanoate groups. The addition of two equivalents of ethyl butanoate to the 
molecule decreased the molecules polarity which allowed the molecule to move rapidly in the 
primarily non-polar mobile phase utilized. The 1H NMR of this compound (not shown) contained 
twice as many peaks and protons as the other two compounds between approximately 1.3 and 4.3 
ppm. This is the result of slight differences in chemical environment of each of the ethyl 
butanoate groups since one was bound to an oxygen atom bonded to a ring and the other a 
nitrogen atom in a ring.  Since the forth compound to elute off the column ran parallel to the 
starting material on a TLC plate, it was concluded that this compound was starting material that 
did not react. 
Distinguishing which fractions belonged to the N-substituted and O-substituted products 
was more difficult since each molecule contained the same number of protons which experienced 
the same types of splitting. Since compound 6 contained a free hydroxyl group, it was able to 
hydrogen bond more readily with the methanol in the mobile phase than the secondary amine of 
the O-substituted compound. This bonding caused compound 6 to elute off the silica column 
first. Careful examination of the 1H NMRs of the two structures indicated that the main 
differences in the spectra occurred between approximately 3.0 and 4.0 ppm.  These differences 
were caused by the protons of the CH2 group that bonded to the nucleophile and the carbons of 
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the single bonded ring. One spectra contained two triplets centered at 3.316 and 3.325 ppm and a 
multiplet at approximately 4.154 ppm while the other contained a triplet that was shifted closer 
to the multiple around 4.0 ppm. This shift in the triplet was the result CH2 protons of the ethyl 
butanoate bound directly to the oxygen on the aromatic ring.  Based on this main difference, as 
well as the other peaks, it was determined that the second compound to elute off the column, 
shown in Figure 20, was the desired product. This meant that the third compound was ethyl 4-
((3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)oxy)butanoate.  
 The 1H NMR of compound 6, Figure 20,  contained the following proton peaks: 6.61 ppm 
(d, 1H, J=8.43 Hz),6.22 ppm (d, 1H, J=2.74 Hz), 6.04 ppm (dd, 1H, J=2.76 Hz, 8.43 Hz), 4.31 
ppm (s, 1H), 4.14 ppm (m, 4H), 3.32 ppm (t, 2H, J=4.49 Hz), 3.25 ppm (t, 2H, J=7.27 Hz), 2.36 
ppm (t, 2H, J=7.17 Hz), 1.93 ppm (p, 2H, J=7.16 Hz), 1.26 ppm (t, 3H, J=7.15 Hz). The 1H 
NMR also showed two peaks caused by minor impurities. The 13CNMR, Figure 21, produced 
fourteen carbon peaks with the following chemical shifts: 173.6 ppm, 151.0 ppm, 138.1 ppm, 
135.9 ppm, 116.7 ppm, 103.5 ppm, 99.7 ppm, 64.4 ppm, 60.8 ppm, 50.5 ppm, 47.5 ppm, 31.7 
ppm, 21.8ppm, 14.4 ppm. Analysis of the compound by MS produced an [M+H]+ peak at 266.1 
which corresponds to the calculated mass of 265.31 for the formula (C14H19NO4). This reaction 
produced 0.2009 g of product for a total yield of 23%. 
4-Ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride (7). 
The reaction mixture was examined by TLC which indicated that all of compound 5 had been 
consumed and only a faint spot from 4-ethyl-7-(4-nitro-phenylazo)-3,4-dihydro-2H-
benzo[1,4]oxazin-6-ol remained. Fractions from the silica column were analyzed by TLC and a 
long wavelength light source. Those which contained the compound (which appeared to 
fluoresce red when exposed to long wavelength) were collected. The purity of the compound was 
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checked by HPLC which indicated that the compound was still impure. The compound was 
purified by HPLC. MS analysis showed a [M+H]+ peak at 324.3 which is equal to the calculated 
mass of 324.35 for the formula of (C18H18N3O3+). This reaction produced 0.0105 g of product 
after purification by HPLC for a total yield of 54%.  
After purification of compound 7 by HPLC, a 1H NMR, shown in Figure 22, was taken of 
the compound. Ideally a 1H NMR of compound 7 would contain a distinctive triplet around 1. 3 
ppm from the CH3 group of the ethyl branch, as well as, a quartet at approximately 4.0 ppm from 
the CH2 group of the ethyl branch bound to the positively charged nitrogen. The NMR would 
also contain triplets, which could appear as multiplets, near 3.0 to 4.5 ppm from the CH2 groups 
on the end rings of the molecule, in addition to, small peaks from the aromatic proton between 
6.0 and 7.5 ppm.  
 In actuality the 1H NMR of compound 7, Figure 22, contained two poorly defined 
multiplets at 0.893 and 1.305 ppm, each with five detectable peaks instead of a triplet. By setting 
the integration of the multiplet at 1.305 ppm equal to three protons from the CH3 located on the 
ethyl branch, the integration of the other major peaks were determined. Unfortunately the 
protons that make up the major peaks did not add up to the needed eighteen protons that are 
supposed to be in compound 7. There were two peaks at approximately 3.78 and 3.615 ppm that 
should have been triplets from CH2 groups in the ring structures; however, these appeared as 
broad peaks with slight separation at the tips. The multiplet at 4.246 ppm should have had 
integration of four protons; yet, it integrated to one proton. The small aromatic peaks between 
6.510 and 7.160 ppm should have been from the four protons located on the conjugated aromatic 
rings; however, as a whole they barely integrated to one proton equivalent. There are also many 
small well defined peaks from impurities between 1.6 and 2.2 ppm, as well as, between 3.0 and 
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3.4 ppm.  A large impurity from the ammonium acetate HPLC buffer was observed as a singlet 
at 1.889 ppm. A solvent peak from CD3OD could be seen as a quintet at 3.303 ppm along with a 
stereotypical water singlet at 4.713 ppm.  
 The 13C NMR of compound 7, Figure 23, did not produce any carbon peaks after being 
run for over 16 hours even though it contained as much of compound 7 that would be taken up 
by the CD3OD solvent.  The spectra should have contained a total of eighteen carbon peaks. The 
majority of the peaks should have ranged from 100 to 160 ppm as a result of the double bonded 
ring structures of the molecule. Additional peaks would exist between approximately 20 to 80 
ppm from the ethyl branch and carbons in the single bonded ring structures.  
The lack of distinguishable carbon peaks in conjunction with the highly impure 1H NMR, 
suggested that compound 7 was rapidly breaking down. This degradation was most readily 
apparent by the lack of adequate protons in the 1H NMR as well as the poor and incorrect 
splitting of the CH3 peak and CH2 peaks from the single bonded rings. Since the compound 
structure could not be completely characterized and was constantly degrading, the spectral 
properties were not studied. 
8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-
azonia-pentacene; chloride (8). The reaction mixture was examined by TLC which indicated 
that all of 4-ethyl-7-(4-nitro-phenylazo)-3,4-dihydro-2H-benzo[1,4]oxazin-6-ol  had been 
consumed and a small spot from compound 6 remained. Fractions from the silica column were 
analyzed by TLC and long wavelength light source. Those which contained the compound 
(which appeared to fluoresce red when exposed to long wavelength) were collected. The purity 
of the compound was checked by HPLC which indicated that the compound was still impure. 
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The compound was purified by HPLC. MS analysis showed a [M+H]+ peak at 438.50 which is 
equal to the calculated mass of 438.3 for the formula of (C24H28N3O5+). This reaction 
produced 0.0114 g of product after purification by HPLC for a total yield of 43%. 
After purification of compound 8 by HPLC, a 1H NMR, Figure 24, was taken of the 
compound. Ideally a 1H NMR of compound 8 would contain two distinctive triplets between 1.0 
and 1.3 ppm from the CH3 groups of the ethyl and butanoate branches. The spectrum would also 
contain a quartet at approximately 2.0 ppm from the CH2 of the ethyl group of the butanoate 
branch. A triplet at approximately 2.5 ppm would be from the CH2 group adjacent to the double 
bonded oxygen of the butanoate group. The NMR would also contain triplets, which could 
appear as multiplets, between 3.0 and 4.5 ppm from the CH2 groups in the rings of the molecule 
and the butanoate chain. The aromatic protons would appear as small peaks between 6.5 and 7.5 
ppm.  
 In actuality the 1H NMR of compound 8, Figure 24, had a triplet around 0.9 ppm, and 
two multiplets at 1.275 and 1.368 ppm instead of two triplets between 1.1 and 1.3 ppm. The 
NMR contained a multiplet at 2.057 ppm and a triplet at 2.514 ppm. Four separate multiplets 
existed between 3.4 and 4.4 ppm. A doublet and a singlet with a broad base existed between 7.0 
and 8.0 ppm.  By setting the integration of the multiplet at 1.368 ppm equal to three protons from 
the CH3 located on the ethyl branch, the integration of the other major peaks did not match the 
rest of the structure. The multiplet at 1.275 ppm became equivalent to approximately nine 
protons and the multiplets between 3.4 and 4.4 ppm became equivalent to one, two, or three 
protons. Based on this integration the major peaks of the spectrum added up to the correct 
number of protons in the molecule. The peaks, however, did not match the splitting and proton 
distribution expected. A large impurity from the ammonium acetate HPLC buffer was seen as a 
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singlet at 1.891 ppm. A solvent peak from CD3OD was seen as a quintet at 3.304 ppm along with 
a stereotypical water singlet at 4.883 ppm.  
 The 13C NMR of compound 8, Figure 25, did not produce any carbon peaks after being 
run for over 15 hours even though it contained as much of compound 8 that would be taken up 
by the CD3OD solvent.  The spectra should contain a total of twenty-four carbon peaks. Peaks 
from the carbons in the ethyl branch, the ethyl butanoate branch, as well as, the CH2 carbons in 
the rings should appear between 20 and 80 ppm. The spectrum should also contain eight carbon 
peaks ranging from approximately 120 to 150 ppm as a result of the double bonded ring 
structures in the molecule. An additional carbon peak from the carbon double bonded to the 
oxygen in the ester should appear between 140 and 160 ppm.  
The lack of distinguishable carbon peaks in conjunction with the highly impure 1H NMR, 
suggested that compound 8 was rapidly breaking down. This degradation was most readily 
apparent by the lack of adequate protons in the 1H NMR as well as the poor and incorrect 
splitting of the CH3 peak and CH2 peaks from the single bonded rings. 
8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-
azonia-pentacene; chloride (9). The reaction mixture was examined by TLC which indicated 
that all of 4-ethyl-7-(4-nitro-phenylazo)-3,4-dihydro-2H-benzo[1,4]oxazin-6-ol  had been 
consumed and a small spot from compound 6 remained. The reaction mixture was purified on a 
silica column and the fractions were analyzed by TLC and a long wavelength light source. 
Fractions containing the compound (which appeared to fluoresce red when exposed to long 
wavelength) were collected. MS analysis showed a [M+H]+ peak at 438.50 which is equal to the 
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calculated mass of 438.3 for the formula of (C24H28N3O5+). This reaction produced 0.0176 g 
of product after purification for a total yield of 69%. 
After purification of compound 9 on a silica column, a 1H NMR, Figure 26, was taken. A 
distinct triplet was observed at 1.242 ppm from the CH3 of the ethyl butanoate branch. The 
integration of this peak was set to three to determine the amount of protons contained in each of 
the other major peaks. The broad singlet at 1.363 ppm was equivalent to the three protons from 
the CH3 of the ethyl branch. This peak should have appeared as a triplet. Another broad singlet, 
equivalent to two protons, was visible at 2.049 ppm. This peak was from the central CH2 group 
in the butanoate branch and should have appeared as quintet.  A triplet at 2.517 ppm was 
equivalent to two protons. This peak was caused by the CH2 located next to the double bonded 
oxygen. The spectrum also showed a multiplet worth eight protons at approximately 3.724 ppm, 
a doublet worth two protons at approximately 4.15 ppm and a doublet worth four protons at 
approximately 4.35 ppm. These peaks were caused by the remaining CH2 groups in the branches 
and ring structures. A multiplet at approximately 7.16 ppm was equal to four protons and caused 
by the four aromatic hydrogen atoms.  Two solvent impurities were also seen in the spectrum. 
One impurity, from dichloromethane, appeared as a singlet at 5.468 ppm while an impurity from 
chloroform appeared as a singlet at 7.883 ppm. Based on the integration employed, the major 
peaks of the spectrum added up to the required number of protons in correct proportions; 
however, the peaks to did not display the expected splitting formations. 1H NMRs (not shown), 
taken at a later point in time, show that this is at least in part due to the presence of both a 
nonpolar and polar solvent impurity in the sample. While this NMR still contained impurities 
from both solvents, the levels were reduced and the peaks, which were still slightly broad, 
displayed more of the expected splitting formations. The chemical shift of a molecule partly 
	  33	  
	  
depends on the solvent in which it is dissolved.  Since the solvents impurities in the given NMR 
were so great, the molecule experienced slight solvent affects from both the polar and nonpolar 
solvents. These affects resulted in the diminished clarity of the peak splitting.  
 The 13C NMR of compound 9, Figure 27, produced fourteen carbon peaks after over 12 
hours of scanning.  While this spectrum should have contained a total of twenty-four peaks, only 
fourteen are distinct enough to be labeled. The peaks observed at 10.44 ppm, 13.36 ppm, 21.16 
ppm, 30.20 ppm, 60.62 ppm, 63.60 ppm and 63.64 ppm belonged to the single bonded CH2 
carbons in the ring structure and in the branches of the compound. There should have been a total 
of eleven carbon peaks in this region of the spectrum; however, some of the missing carbon 
peaks may have been hidden under the methanol solvent peak at approximately 50 ppm. 
Additional peaks existed at 104.99 ppm, 109.08 ppm, 113.49 ppm, 113.57 ppm, 113.59 ppm and 
115.49 ppm. These peaks were caused by carbons bonded to an aromatic proton. The peak at 
125.91 ppm, was caused by a carbon with a quaternary structure, while, the peak at 173.39 ppm 
belonged to the carbon containing the double bonded oxygen. The missing peaks should have 
appeared between 130 and 150 ppm as a result of the quaternary carbons located within the ring 
structure. While all of the carbon peaks for the molecule were not shown, this partial spectrum in 
conjunction with the 1H NMR indicated that compound 9 had been successfully synthesized and 
was not degrading.  
Spectroscopy	  	  
Upon synthesizing and purifying 8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-
tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride (9), the spectral properties 
of the compound were studied. The absorption spectrum was taken on a Varian Cary 50 Bio UV-
Vis Spectrometer. As seen in Figure 28, a plot of the absorbance intensity in arbitrary units vs. 
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wavelength (nm), the absorption spectrum contained a moderately broad peak whose base spans 
from approximately 550 nm to 700 nm. The emission maxima of the peak, which occurred at 
648.0 nm, corresponded to the absorption maxima of the compound.  
Once wavelength of maximum absorbance had been determined, the emission maxima of 
the compound could be determined through use of a Jobin Yvon Horiba Spectrophotomer.  The 
spectrometer was set to excite with 645 nm wavelength light so that the emission spectrum of 
compound 9 would not contain interference from excitation wavelength used. Figure 29 displays 
the emission data of the compound as a plot of intensity vs. wavelength (SM). This spectrum 
showed a broad peak whose base spanning from 650 nm to approximately 750 nm. The emission 
peak of the compound occurred at 674.28 nm in methanol solvent.  Based on this spectral data, 
compound 9 absorbed and emitted light in the deep red region of the spectra and experienced a 
Stoke’s shift of 26.29 nm. 
 After determining the absorption and emission maxima of compound 9 in methanol, the 
absorption and emission spectra of compound 9 in various pH solutions were taken.  The 
absorption maxima were recorded in Table 3. The absorbance spectra were obtained in the UV-
Vis spectrometer and overlaid in Figure 30 for visual comparison of the effects of pHs on the 
spectra. This overlay is also a plot of arbitrary absorbance intensity vs. wavelength.  A plot of 
maximum absorption wavelength vs. pH, was prepared from this data and is shown in Figure 32. 
From this figure it can be concluded that compound 9 possessed relatively good stability in its 
absorbance spectra over a wide pH range (from 1-8). Maximum absorbance wavelengths were 
predominantly between 655 nm and 660 nm; however, in higher pH solutions the maximum 
absorbance became red shifted. At pH 9 the absorbance maximum occurred at 658.0 nm. This 
maximum increased to 664.1 nm in a pH 10 solution and to 690.0 nm in the pH 11 solution. This 
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change in wavelength is due to the formation of a complex between the sodium hydroxide ions in 
the surrounding solution. Under acidic conditions esters can undergo hydrolysis while esters 
under basic conditions can undergo a saponification reaction. In this type of reaction the 
hydroxide ions would act as the nucleophile and the ethyloxide would function as the leaving 
group. A reaction mechanism for these reactions is given in Figure 11. The bathochromic shift in 
absorbance at the higher pH indicates that this complex requires less energy to induce 
fluorescence. The emission spectra for compound 9 in varying pH solutions indicate that the 
compound possesses strong emission stability in a variety of pH solutions. 
The emission maxima of the various pH samples were determined using the Jobin Yvon 
Horiba Spectrometer. The emission maxima were also recorded in Table 3 and the emission 
spectra were also overlaid for easy visual comparison in Figure 31. By plotting the maximum 
emission wavelength vs. pH, it can easily be seen that compound 9 possessed very strong 
emission stability over a range of pH samples. In fact in the emission maxima ranged 
predominantly between 671 nm and 672 nm for samples with high and low pH. 
Discussion	  
The syntheses for compounds 2 through 5 were very straight forward. Each reaction went 
readily to completion or was easily forced to completion by adding additional amounts of reagent 
to the reaction mixture. The products formed by these reactions were easily isolated by liquid-
liquid extraction with only minor impurities from solvents. While compound 2 required a 
recrystalization step to remove excess chloroacetylchloride, the two compounds were separated 
without difficulty. These initial four reactions produced high yields of the desired products (over 
80%). The synthesis for compound 6; however, produced a low yield (23%) of the desired 
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product due to a lack of binding specificity in the reaction and required purification step to 
isolate the product. The final dye reaction for compound 9 produced a moderate amount of 
product (69%) primarily due to loss during transfer and the purification process. With the 
exception to the synthesis of compound 6 the overall synthesis scheme was straight forward with 
acceptable yields.  
Improvement to the scheme could be obtained by improving the specificity of the 
reaction for compound 6. This may be achieved by replacing the hydroxyl group with a halogen 
such as fluorine or chlorine. This would create only one site in which the ethyl butyrate can bind 
on the molecule. The incorporation of halogenated compounds into the reaction; however, could 
increase the overall price of the reaction. Fluorinated compounds would be beneficial due the 
high reactivity of fluorine; however, fluorinated compounds are not readily available and 
typically expensive. Chlorinated compounds could also be used since they are quite common and 
inexpensive; however, chlorine is less reactive than fluorine. The incorporation of a halogenated 
compound could also only be used for one half of the dye in the final reaction since the final 
product retains the oxygen from the compound lacking the diazo complex. Since the synthesis of 
the diazo complex follows the same steps through the formation of compound 6, except with a 
different functional group, incorporation of a halogen would only improve the overall yield for 
one half of the dye and therefore improve the overall yield for the total dye synthesis. Additional 
study into the feasibility of halogenated compounds, primarily fluorine and chlorine will have to 
be conducted in the future.  
Another area in which the reaction can be improved is the purification process. Based on 
the lack of 13C NMR and highly impure 1H NMR of compounds 7 and 8, even after purification 
by HPLC, it can be concluded that the compounds were destabilized. This destabilization 
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resulted it the constant degradation of the dyes. It is assumed that the compounds began to 
degrade after the initial use of a 18C sep pack since purification by both silica column and HPLC 
were unsuccessful. While the purpose of the 18C sep pack was to remove the excess hydrochloric 
acid and water from the reaction it can be concluded that all of the chlorine ions stabilizing the 
molecule were removed. The work up of compound 9, however, easily produced pure dye 
without inducing destabilization. From this experience, it is suggested that 18C sep pack not be 
used to purify the dyes. Instead it is recommended that the solvent be removed from the reaction 
mixture by use of a rotovap and the residual solid be dissolved in organic solvent and purified on 
a silica column.  
The addition of the ethyl butyrate group to the secondary amine did not alter the 
absorption and emission maxima significantly towards the near-IR range of the visible spectrum. 
While not in the desired near-IR region of the spectrum, compound 9 is shifted into the deep red 
region which is more benign to living tissue and where cellular autofluorescence is at a 
minimum. By absorbing and emitting in the deep red region this fluorophore is still protected 
from in vivo autofluorescence and has great potential as a molecular probe. While compound 9 
undergoes a small Stoke’s shift of 26.28 nm this value is large enough that compound 9 should 
not experience self-quenching.  
 The addition of the ethyl butyrate to the secondary amine of the terminal ring increases 
the functionality of the compound as an in vivo molecular probe. As evidenced in the pH 
stability study, the ester can easily undergo hydrolysis and saponification. Once hydrolyzed, the 
compound can be bound to bioconjugates such as Halo Tag TM where it can be employed to 
study protein localization and interactions in vivo. The fluorophore can be bound to other 
bioconjugates including antibodies, oligosaccharides, synthetic polymers and nucleic acids. 
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Since compound 9 experiences absorption and emission in the deep red region of the spectrum, it 
also has the potential to be used as a DNA probe which will not damage the target molecule and 
as a probe for cellular structures.  
 Compound 9 and similar oxazine derivatives will assist in the study of complex in vivo 
processes. Incorporation of molecular probes with desirable chemical and photochemical 
properties including: strong pH stability and deep red to near-IR fluorescence, will allow for 
more detailed imaging and monitoring of biological systems over a broader range of conditions. 
More specific understanding of biological systems will aid in the characterization of biological 
pathways and indirectly support in the understanding of disease pathologies. 
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Appendix	  A:	  Fluorescence	  
	  
Figure	  1:	  Jablonski	  Diagram	  
The Jablonski Diagram is commonly used to describe the process of fluorescence. The 
process begins when light of a suitable wavelength (the blue arrow) is absorbed by a molecule 
and causes an electron to more to a higher vibrational orbital. The energy is quickly released as 
the electron falls to the first singlet electron state (S1) as shown with the wavy line. When the 
electron relaxes back to the ground state (S0) by releasing energy as a photon, fluorescence is 
produced. When an electron undergoes and intersystem crossing to an energy state with higher 
spin multiplicity the energy can be released slowly as phosphorescence. 
	  42	  
	  
	  
Appendix	  B:	  Chemical	  Structures	  of	  Fluorophores	  
	  
	  
Figure	  2:	  Plot	  of	  Brightness	  VS.	  Maximum	  Absorption	  Wavelength	  of	  Major	  Fluorescent	  Dye	  
Classes	  [Revised2]	  
A variety of fluorescent molecules are shown above. The position of the molecule along 
the x axis indicates where a molecule’s maximum absorbance occurs while the color of the 
structure indicates its maximum emission.  Compounds that occur in cells including: 
phenylalanine, tyrosine, tryptophan and NADH absorb in the UV range of the spectrum and emit 
in the UV to blue range. Fluorescent probes such as: resorufin, Cy 5 and Cy7 possess maximum 
absorbance and emission in the orange to near-IR range of the spectrum. 
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Figure	  3:	  Examples	  of	  Endogenous	  Fluorophores	  
The structures of common endogenous fluorophores are shown above with their 
corresponding absorption and emission maxima. These molecules contribute to the total amount 
of autofluorescence which can hinder in vivo molecular imaging.	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Figure	  4:	  Side	  and	  Top	  View	  of	  the	  β-­‐Barrel	  Structure	  of	  GFP.	  	  [Reproduced8] 
The chromophore (green structure) is located in the center of the GFP protein. Since this 
molecule is completely surrounded by the β-barrel structure it is protected from the surrounding 
environment. This enables the chromophore to have good photostability and be resistant to 
photobleaching. 
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Figure	  5:	  Example	  of	  Cyanine	  Dyes	  
The general structure of a “CyDye” as well as some common “CyDyes” are shown above with 
their corresponding absorption and emission maxima.  CyDyes with longer polymethine chains 
are shifted closer to the red to near IR region than the dyes will smaller chains.  The addition of 
sulfur produces molecules that are further red shifted than those containing nitrogen and oxygen. 
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Figure	  6:	  Examples	  of	  Oxazine	  Dyes	  
	   The structures of common oxazine and oxazine derivative dyes are given above with their 
absorption and emission maxima. Further information about the uses and properties of these 
molecules can be found in the introduction. 
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Appendix	  C:	  Spectral	  Properties	  of	  Fluorophores	  
	  
	  
Figure	  7:	  Excitation	  and	  Emission	  Spectra	  of	  Quantum	  Dots	  [Reproduced11]	  
These spectra are of 1 mM solutions of various quantum dots in a borate buffer at pH 
9.011. An example of a typical absorption spectrum is given on the left since quantum dots 
exhibit very similar excitation spectra. The overlaid fluorescence spectra on the right show the 
maximum emission of various quantum dots.  
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Figure	  8:	  Excitation	  (A)	  and	  Emission	  (B)	  Spectra	  of	  Select	  Fluorescent	  Proteins.	  
[Reproduced15]	  
Panel A on the left shows the absorption spectra of GFP and other fluorescent proteins 
while panel B displays the emission spectra for each of the protein. A wide variety of fluorescent 
proteins have been created that span the visible spectrum. 
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Table	  1:	  Properties	  of	  Alexa	  Fluor	  Dyes	  [Reproduced19]	  
The above table is available from Invitrogen and gives the absorbance and emission 
maxima, as well as, the extinction coefficient of commercially available Alexa Fluors. This table 
indicates that as the Alexa Fluor becomes more near-IR shifted, the extinction coefficient of the 
of the fluorophore increases. 
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Table	  2:	  Alexa	  Fluor	  Equivalent	  to	  Common	  Dyes	  [Reproduced20] 
 The table above, provided by Invitrogen, lists Alexa Fluor alternatives for commonly used 
organic fluorophores.  
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Appendix	  D:	  Synthesis	  Scheme	  of	  Fluorophores	  	  
	  
	  
Figure	  9:	  Synthesis	  Steps	  
The figure above shows the multiple reactions completed to synthesize the target 
compounds: 4-Ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; 
chloride and  8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-
diaza-4-azonia-pentacene; chloride. The reactants, solvents and specific temperatures are also 
given. Specification of purification method is given for the final steps to emphasize the 
difference between compound 8 and 9. 
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Figure	  10:	  Reaction	  Mechanism	  for	  Synthesis	  of	  Compound	  6	  
Four compounds, shown above, were isolated through purification with a silica column. 
The spot number indicates the order in which the compounds came off the column. Since the 
hydroxyl and secondary amine in compound 5 possess similar strength as nucleophiles, the ethyl 
butyrate was able to bind readily at both locations on compound 5. As a result the reaction 
formed: ethyl  4-(6-(4-ethoxy-4oxobutoxy)-2H-benzo[b][1,4]oxazin-4(3H)-yl)butanoate (spot 1), 
4-(6-Hydroxy-2,3-dihydro-benzo[1,4]oxazin-4-yl)-butyric acid ethyl ester (compound 6), ethyl 
4-((3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)oxy)butanoate (spot 3) and 3,4-dihydro-2H-
benzol[1,4]oxazin-6-ol (compound 5). 
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Figure	  11:	  Reaction	  Mechanism	  of	  Saponification	  at	  High	  pH	  
This figure shows the products resulting from the saponification of compound 9. The 
formation of these products would cause a slight change in the absorbance maxima of the 
compound at high pH. Changes in the absorbance maxima of compound 9 occur in solutions of 
pH 10 and 11 which suggest the formation of these products.  
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Appendix	  E:	  NMR	  Spectra	  of	  Precursors	  and	  Fluorophores	  
	  
Figure	  12:	  1H	  NMR	  of	  2-­‐Chloro-­‐N-­‐(2,5-­‐dimethoxy-­‐phenyl)-­‐acetamide	  (2)	  
The 1H NMR spectrum of compound 2, taken in CDCl3, produced peaks with the 
following shift, splitting and J values: 8.95 (s, 1H), 8.06 (d, 1H, J=3.03 Hz), 6.82 (d, 1H, J=8.93 
Hz), 6.62 (dd, 1H, J =3.03 Hz, 8.91 Hz), 4.19 (s, 2H), 3.87(s, 3H), 3.79 (s, 3H). 
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Figure	  13:	  13C	  NMR	  of	  2-­‐Chloro-­‐N-­‐(2,5-­‐dimethoxy-­‐phenyl)-­‐acetamide	  (2)	  
The 13C NMR of compound 2, in CDCl3, produced the following carbon peaks: 163.9, 
154.0, 142.8, 127.5, 111.1, 109.6, 106.2, 56.6, 56.0, 43.3. 
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Figure	  14:	  1H	  NMR	  of	  2-­‐Chloro-­‐N-­‐(2,5-­‐dihydroxy-­‐phenyl)-­‐acetamide	  (3).	  	  
Analysis of the 1H NMR of compound 3 in CD3OD produced peaks with the following 
shift, splitting and J values: 7.51 (d, 1H, J=2.84 Hz), 6.69 (d, 1H, J=8.66 Hz), 6.45 (dd, 1H, 
J=2.90 Hz, 8.67 Hz),4.26  (s, 2H). 
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Figure	  15:	  13C	  NMR	  of	  2-­‐Chloro-­‐N-­‐(2,5-­‐dihydroxy-­‐phenyl)-­‐acetamide	  (3)	  
Analysis of the 13C NMR of compound 3 produced carbon peaks with the following 
shifts: 165.6, 150.0, 140.4, 126.0, 115.4, 111.4, 108.2, 42.7.  
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Figure	  16:	  1H	  NMR	  of	  6-­‐Hdroxy-­‐4H-­‐benzo[1,4]oxazin-­‐3-­‐one	  (4)	  
The 1H NMR of compound 4 was taken in CD3OD and produced peaks with the 
following shift, splitting and J values:  6.75 (dt, 1H, J=1.15 Hz, 8.56 Hz), 6.38(s, 1H), 6.37 (dd, 
1H, J=2.74 Hz, 8.53 Hz), 4.45 (s, 2H), 1.99 (s, 1H, J=8.85). Insets of the peaks at 6.75, 6.38 and 
6.37 ppm are included for visual aid. 
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Figure	  17:	  13C	  NMR	  of	  6-­‐Hdroxy-­‐4H-­‐benzo[1,4]oxazin-­‐3-­‐one	  (4)	  
The 13CNMR of compound 4 was taken in CD3OD and produced carbon peaks with the 
following shifts: 167.1, 152.9, 137.1, 127.6, 116.6, 109.7, 102.9, 67.1. 
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Figure	  18:	  1H	  NMR	  of	  3,4-­‐dihydro-­‐2H-­‐benzol[1,4]oxazin-­‐6-­‐ol	  (5)	  
The 1H NMR of compound 5 was taken in CDCl3 and produced peaks with the following 
shift, splitting and J values: 6.62 (m, 1H), 6.10 (m, 2H), 4.18 (t, 2H, J=4.38 Hz), 3.40 (t, 2H, J 
=3.96 Hz), 1.50 (s, 1H). The NMR also shows a small bump between 3.6 and 3.8 ppm from 
residual THF which was later removed.  
	  61	  
	  
	  
	  
Figure	  19:	  13C	  NMR	  of	  3,4-­‐dihydro-­‐2H-­‐benzol[1,4]oxazin-­‐6-­‐ol	  (5)	  
The 13C NMR of compound 5 was taken in CDCl3 and produced carbon peaks with the 
following shifts: 150.3, 138.4, 134.4, 117.3, 105.3, 102.5, 65.2, 41.3. 
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Figure	  20:	  1H	  NMR	  of	  4-­‐(6-­‐Hydroxy-­‐2,3-­‐dihydro-­‐benzo[1,4]oxazin-­‐4-­‐yl)-­‐butyric	  acid	  ethyl	  ester	  
(6)	  
The 1H NMR of compound 6 was taken in CDCl3 and produced peaks with the following 
shift, splitting and J values: 6.61 (d, 1H, J=8.43 Hz),6.22 (d, 1H, J=2.74 Hz), 6.04 (dd, 1H, 
J=2.76 Hz, 8.43 Hz), 4.31 (s, 1H), 4.14 (m, 4H), 3.32 (t, 2H, J=4.49 Hz), 3.25 (t, 2H, J=7.27 Hz), 
2.36 (t, 2H, J=7.17 Hz), 1.93 (p, 2H, J=7.16 Hz), 1.26 (t, 3H, J=7.15 Hz). The peaks at 1.520 and 
4.311 ppm are caused by small HCl and nitromethane impurities respectively.  
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Figure	  21:	  13C	  NMR	  of	  4-­‐(6-­‐Hydroxy-­‐2,3-­‐dihydro-­‐benzo[1,4]oxazin-­‐4-­‐yl)-­‐butyric	  acid	  ethyl	  
ester	  (6)	  
The 13C NMR of compound 6 was taken in CDCl3 and produced carbon peaks with the 
following shifts: 173.6, 151.0, 138.1, 135.9, 116.7, 103.5, 99.7, 64.4, 60.8, 50.5, 47.5, 31.7, 21.8, 
14.4.  
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Figure	  22:	  1H	  NMR	  of	  4-­‐Ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐
pentacene;	  chloride	  (7)	  
The 1H NMR of compound 7 was taken in CD3OD after purification by HPLC. The large 
sharp singlet at 1.889 ppm and the small singlet at 7.021 ppm are from remaining ammonium 
acetate buffer that was not removed by the sep pack after HPLC purification. Further analysis of 
this NMR can be found in the discussion section of this report. 
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Figure	  23:	  13C	  NMR	  of	  4-­‐Ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐
pentacene;	  chloride	  (7)	  
The 13C NMR of compound 7, taken in CD3OD, was run for over 16 hours and showed 
no distinguishable carbon peaks. The 13C NMR of compound 7 should contain a total of 14 
Carbon peaks. The lack of distinguishable carbon peaks in conjunction with the highly impure 
1H NMR, shown in the previous figure, suggested that compound 7 was rapidly breaking down.  
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Figure	  24:	  1H	  NMR	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐
trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (8)	  
The 1H NMR of compound 8 was taken in CD3OD after purification by HPLC. The large 
sharp singlet at 1.891 ppm is from remaining ammonium acetate buffer that was not removed by 
the sep pack after HPLC purification. Further analysis of this NMR can be found in the 
discussion section of this report. 
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Figure	  25:	  13C	  NMR	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐
trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (8)	  
The 13C NMR of compound 8, taken in CD3OD, was run for over 15 hours and showed 
no distinguishable carbon peaks. The 13C NMR of compound 8 should contain a total of 14 
Carbon peaks. The lack of distinguishable carbon peaks in conjunction with the highly impure 
1H NMR, shown in the previous figure, suggested that compound 8 was rapidly breaking down.  
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Figure	  26:	  1H	  NMR	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐
trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (9)	  
The 1H NMR of compound 9 was taken in CD3OD. Due to impurities from both polar 
and nonpolar solvents, the splitting of the peaks did not occur in the expected manner. This NMR 
produced peaks with the following chemical shifts and splitting: 7.15 (m, 4H), 4.35 (d, 4H), 4.16 
(d, 2H), 3.72 (m, 9H), 2.52 (t, 2H), 2.05 (s, 2H), 1.36 (s, 3H), 1.42 (t, 3H). 
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Figure	  27:	  13C	  NMR	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐
trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (9)	  
The 13C NMR of compound 9 was taken in CD3OD and produced the following carbon peaks: 
173.4, 125.9, 113.6, 113.6, 113.5, 109.8, 105.0, 63.6, 63.6, 60.6, 30.2, 21.2, 13.4, 10.4. The 
aromatic carbon peaks are not shown as a result of sample diluteness.  
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Appendix	  F:	  Spectral	  Analysis	  of	  8-­(3-­Ethoxycarbonyl-­propyl)-­4-­ethyl-­
3,8,9,10-­tetrahydro-­2H-­1,6,11-­trioxa-­8,13-­diaza-­4-­azonia-­pentacene;	  
chloride	  
	  
Figure	  28:	  Absorbance	  Spectrum	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐
2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  in	  Methanol	  
The absorbance spectrum of 8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-
2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride in methanol shows that maximum 
absorption of the compound occurs at 648.0 nm. The increase in the spectrum near 300 nm is the 
result of absorption by the cuvette containing the sample. 
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Figure	  29:	  Fluorescence	  Spectrum	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐
2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (9)	  in	  Methanol	  
The fluorescence spectrum of 8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-
2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride in methanol indicates that the 
compound experiences maximum fluorescence at 674.28 nm. While this wavelength is not in the 
near-IR region of the spectrum, which begins at 760 nm, it is unquestionably in the red region of 
the spectrum which ranges from approximately 620 to 760 nm.  
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Figure	  30:	  Absorption	  Spectra	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐
1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (9)	  	  in	  Varying	  pH	  Solutions	  
This overlay of the spectra data of 8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-
tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride in varying pH solutions 
shows that the compound has relatively strong absorbance stability. The red shift in the 
absorbance of compound in pH 9, 10 and 11 indicates that the compound is reacting with the 
ions in solution.  
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Figure	  31:	  Fluorescence	  Spectra	  of	  of	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐
tetrahydro-­‐2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (9)	  	  in	  Varying	  pH	  
Solutions	  
The overlay of the fluorescence spectra of 8-(3-Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-
tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-pentacene; chloride in varying pH solutions 
indicates that this molecule has strong emission stability. The line at 671.79 nm is for visual aid 
purposes to show the general emission maxima of the samples.   
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Table	  3:	  Maximum	  Absorption	  and	  Emission	  Values	  for	  8-­‐(3-­‐Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐
3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐pentacene;	  chloride	  (9)	  	  in	  Varying	  
pH	  Solutions	  
This table contains the numerical values of the absorption and emission maxima of 8-(3-
Ethoxycarbonyl-propyl)-4-ethyl-3,8,9,10-tetrahydro-2H-1,6,11-trioxa-8,13-diaza-4-azonia-
pentacene; chloride in the various pH solutions. The absorption maxima primarily range between 
655 and 660 nm while the emission maxima primarily range between 671 and 672 nm. 
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Figure	  32:	  Plot	  of	  Maximum	  Absorbance	  and	  Emission	  Wavelength	  VS.	  Sample	  pH	  for	  8-­‐(3-­‐
Ethoxycarbonyl-­‐propyl)-­‐4-­‐ethyl-­‐3,8,9,10-­‐tetrahydro-­‐2H-­‐1,6,11-­‐trioxa-­‐8,13-­‐diaza-­‐4-­‐azonia-­‐
pentacene;	  chloride	  (9)	  
This plot of absorbance and emission maxima vs. pH illustrates the stability of the 
molecule over a broad range of pH. The emission maxima of the samples demonstrate strong 
fluorescent stability. The absorption maxima are relatively stable; however, the maxima become 
further red shifted at higher pH values. This shift is the result of the molecule reacting with the 
ions in the solution.  
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